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(54) NITRIDE SEMICONDUCTOR LIGHT EMITTING ELEMENT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a highly reliable laser 
element by elongating the life of, primarily, a laser element, to put it 
concretely, to lower the oscillation threshold, by raising heat 
conductivity of a semiconductor element and raising light shut-in 
effect of a clad layer. 

SOLUTION: A nitride semiconductor light emitting element has a 
first main face and a second main face, and this has an (n) side 
contact layer consisting of an n-type nitride semiconductor having 
higher n-type impurity concentration than a nitride semiconductor 
substrate 1 , and an (n) side clad layer 4 consisting of superlattice 
structure including an nitride semiconductor layer including Al, on 
the first main face of the nitride semiconductor substrate 1 being 
undoped or consisting of an nitride semiconductor 1 x 1017/cm2 or 
under in n-type impurity concentration and 10 /imor over in film 
thickness. At least an active layer 6 and a (p) side contact layer 10 
consisting of a p— type nitride semiconductor are provided on the 
(n) side clad layer 4. The (n) side contact layer and the (p) side 
contact layer 10 are severally provided with electrode, and those 
electrode lie on the first main face side. 
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(54) [»a©6»] MMWmWtMrf- 



(57) [MM 

[g&fj] Si LT U— !f**©**4ft< tris^tt 
S. 

[$J&] Sl©£ffi<b*2©£ii£**U 7>F- 
T^lXttnS^&iSKrtn x l O'VcrffelTC. 
m 1 0 jixntt±©a<tUMNMtJ:») &SSM»¥W* 
»R©*l©£&fcK. *©»b**»**«J:»)*>n 
fflWftiMEtf** t> n &a<t1fc¥*tt J: 0 £ n «a 
>* d> M§£. A 1 *£fe»tfltf£*ttli 
fiJj£<fc9&*nffiiJi>-7? KJBfcWU $6«:^©nffliJf 
5?K«©±{c. r£tt@i, pSa<tW£a»f*J:0&a 
pfiijn > £ t> hm t &J>ti < t-bmb-Cis*). Baffin W 

i^zfvmt. fiiepij^v^i' nitctt-eti-en 



■21:pA*7K 9S 




1 

i ®$m±tc , * ©a< t«a*«(*sfi<t o 

& n fflWGftaflW*** t> naS{fcW*3W* J: 9 & 5 n 
§Jn>££ Mi, A 1 ' 4StfS*b«¥«Wl*£trfH 

[«*S2] wmnMZyv FJB£{W>«3#0. 5 

*K*f-TSA 1 WififiE«rW»*r*UfcBS«: v nffll* 
7?FJl£(*©ff3 (Mm) 4. AlTOfflS (%) 4 

m4-r-stg*3s i {cgaaofiftft^awajBR^. 

[lt3»S3] MEnffllJ^y F«D£f*<D»S#0. 20 

«4 * *M#JS 2 CCEttOSittt^t***^. 
[M*3S4] BlIBnfliJd'^y FB©£f*©JS3#l. 
0/imJ£l±"C*0. SuEnfl]2 5y FBK£*ft£3 8& 
7t*«t-r^>A 1 5. 0%BLh*SC4«:!|# 

a 4 r s a*3s 2 ke«<ds< bft^f*****. 

[«*3I5) fffEnfJ^? FWD±f*©«S#l. 
2x/mfet±-C*0. iffiEnfJ^? FH«:SSti£3K 
7c3RCC»-rSA 4. 5%eLt*5C4*# 30 

Se4 -T 3BIU#B 2 KiBBttOfflbtt^aWtW**^. 

[0 00 1] 

*-F) , LD (U-1fy-f*-F) . SLD U-^ 

s * v -fe > h y *- f > ^^cftffl s tx z>mi 

|(*(ln.Al ^Ga^.-bN, 0^a, 0^b, a+b^ 

i ) mtm* tern?*** 

[0 00 2] 

IV&tDfflK) a*l«Hb«^ttS«©±K:. rS141 40 

xmsrc<o3m¥m 1 ^!Ha±«tJ5Sufc c 4 

O/c (ICNS'97 .October 27-31,1997 ,P444-446, 

&#Jpn. J. Appl.Phys. Vol. 36(1997) pp.L1568-1571 Pa 
rt2,N0.12A,l December 1997) . B*WtcfltJS4 OTtt 

^ L T Sti/cn-GaNcfcOttS Sfttft¥3E(* 

X«©J:K:. U-1f* : fl«JS4ttSa<b!&*«ftli*sa 
SSI If S *X*C & 6 . < Bffl t* Jpn . J . Appl . Phys .Vol . 36# 
JS) 50 



«fH¥ 1 1 - 1 9 5 8 4 0 
2 

[0 00 3 ] 

[«W* s l»»LJ:5 4'rS8»ll] L^l/Sc?&s?>fie*©U 
-■tf*-7-T«S«K:if7 7^T«:WLri^/c«>. 

-if*7-<D»ft*fi<-r5, *fcif7T-r7t*a{b** 

n/cU--tf^^7r^T4n§J^^^ F14CDMK:* 
SnS!GaN3&>e>tt53>*^ U»*rC2l«l/C l/S 

»Sh-5U-1f*t»ac0^7T-7^-;l/F^*- 
> (FFP) <D»R*&U WiL«ffl«Sh*U— !f* 
OX #9 h*5«»4ttoT3H*V v;l^*-F4&oT 
«9J3ti*. vil/^^-FCDU-tfSRT-ttt'^^T^^ 

5? FJB©*B!Diia)W+»*Cft5 4. U-lfRiF-© 

[0 00 4] S£or*»W©att4-rS4C5tt. £4 

*6J±3tf, F»©36Hpii**!l*4lRl±3 
Setter *mBMB*fiTStfa£4«:*S. ft 

*»?8ttU-1f3R : f-/cWTtc<LED. SLD| t 
ft©Sf bft^fl^jtJR^K: WWrc* 5. 

[0 00 5 ] 

^tt. *l©iffi4»2©£ffi4*WL. T>Y--m 
l/<ttnSWl*IIK#lx 1 0 l V<rfttT"C. Rff 
1 0 um£U:©Sfc»^ttJ: 9 ttSSib«*»#ai« 
(DM 1 ©i®±tc, *®g{btt¥$#3£ J: OfenS^ 
*e»itt^** C * n 32S<bft¥3tt J: 0 ^> n ffi n > ^ 
^hJ14, A 1 *St?a<b^»ftlB**tfiB**lfJS 

FJBOifc. r£tt!4, pSS<b«j^NMtJ:0ftSp« 
3>^FB444>&<4fcWbTfc»K tulBnfJn> 
f^FS4 t luiBpffl^>^^ KH4CCtt**i-e*i«fi 

*«ft4t5. Scfc. **liK:toi»ra{b»*»#as 
«. nfflnv^^hii. n*^7?Ft iSSttJB. p®J 

hr^ft<rfefi<, m«ft©a<b«*ii*J:0tts 
ZvvtVi&M* »V FI, p(I^7? FH^Btc 

[0 0 0 6 ] $ ecc^ffew©***^ tcfc^r. ms& 
ffi^OtcSnWJ^? y F»tt^(*©ffS3&S0. 5ym 
W±T\ *ot©ni^7-; F»6Cd*nS31S7C«K: 

FIB^tKDJIS (urn) 4, A 1 (%) 4(D» 



(3) 

3 

t*. 

[0 00 7 ] nfj^? Vm<DM&&)tMl&tbT, m 
ieniJi'7 v FHO^ftC/SSSrO. 8//m«±4U 
BUl2n§Ji>5;> FUKSStlS 3l£7cfRK:*t-rSA 1 ¥ 

[ 0 0 0 8 ] ft£ b < B. miffinffiij* 7 9 FJf ©£{*© 
JI3£1. 0/imtlbil. FIK^S 
ft£3m^tft1-£A l¥^ffl?££5. OKRfci* 

sci^^mi-rs. 10 

[0 0 0 9 ] $ 6&cir£ L < B, BofBnfi'Jf 7 7 Fl© 
£{*©)?<*£ 1 . 2 Mmti±i I. flriBnffl?? ? Fig 
K£«h*3R?Wfctt-J-SA lW«fi8*4. 5%W 
±4?SC4=Mr<§*4T*. 

[0 0 10] 

[&W©Xjfc©£fll] *«W©»JlHR*K*»l>"r. g<b 
*MNW*»RB. 0J*B. 3c©35rffitcj:9»6ti*. 
ntta<fc**»#iRttS*m J: 9 &4J«»«©±tc 
ffift $ 1 ©B {b*MNWWi©Jbfc. mV&T4-m& 

xtf* (-7-f7'tt) tcj&su -e©^aR©^sn («a 

©±£S5«fc 5 CC&S -tt£«JB (epitaxicia 

1 lateral over glowth:EL0G4P?Bft£. ) t?*5. C 

<»tm< l c£z>t. Mass©±ccfisssn^i©s{t 

dbSflSUCfiSftStifcfcO-C***:*. £A&K#*1© 30 

&s. c©»b«Miy»fl«*©«iuciwi*isji^cpi© 
[ooin »bM^i»afi»7> f-7- (^tern* 

Xante K-7l.4l.sflW) « i;< ttnSWWftS* 

1 x l O'VcrffiiTtOK-rSsiW****. 

I, < B7 > F - 7 4 f £. & tf ft 6 n S£fKtt£ F - 7" 

w&tm&Lrmm&o&^&itmTzmzc t am t 

t^KftS. g{tB5¥S<*4t,Tttxffi*S0. ltTF 
©A liGa.-xN (OgX^O. 1 ).&*>!#£ K B 
In, Al £#!®WK:£4&l>GaN£l5S£3ti-St4 

[ 0 0 1 2 ] 3 <&«:. -&©gfb^*^{*»ffi©iiJifc 1 

0 umVLl.lcSmtZMmifikh. lOwm^OfeSli 
4. -?-©±tC3>^i7 KB. 57? FICHUS LfcGK 50 



8HW 11-19 5 8 4 0 
4 

tt*)7 t ^-rx^ig*$Elt4 4S„ ±SE©<t^ft 

a<t»*aM«i«©ff«*s*afflofc*B^. s*b*¥ 
9 1 oMwmmkm *wm. nmmm: <t 

S. *©RKCsaSSig<fcUi2|£» 
<*S«©f»KH««©iac J: 0 . Ifc*ifc*-C3ftttsm» 

(*Sffi*sfstirLS -eh^isws/ci&ccfe^b^ 

gj*g«©JI3ttl 0 ymfcLb S<E>&cjff£ L<B5 0 

BTrfcifiOBtS&J&tfSK 4-SO-C5 0 0 AtmfcTFSC-f 

[ 0 0 1 3 ] &«C. &flft^ttStf^tCtt£3tt&n 

fiWSir*Sfc». n£jffi««g{b&NMt£ticJ: 
9fe£<TS. JM«W:B5x l 0"/<rfah. »* 
KB1 x l O'Vcm'Wl. «fe»*KB5x l 0 
,, /an , fcLbK:i®g-fS. iBUCOHTBa^j'i'HD 
©ttfltti^HtbT. 1 x l O^/cm'feTFKISgf £ 

hJB4©Htc. re-, v 7JB4LTffe©MfcBj¥2i#J!£ 

[0014] #fS9J©&3fc^?-K::fol»-t\ Fit 4 

B. Sff$#ffitt»©*F)IJ:0fc<h3l>a<t«*»ft 
^trftKCjA&a. *S(,»B><> F+> ? 
-#^>^Ji©#FJf £9 *>*£C>*+ VTKDji 
&JIT*£. Sfc^tg^4B^AB#-l©M/i* 5 l 0 
0*>i^x Fa-AttTT. S^fcfflJjfc&Jg&^ttBl 
$S^£MUfc&AR*&£fBU »* U< B7 0 
t>^xha-A«T. $6K!(f*U<«4 0*>^X 

Fo-A«T©w»©»b*i*aw*«*aiJ«-4. nfj 

*?9Fl©JW*tt4«JaEiO-CB. WtfAl.Ga 
,.,N (0<x< 1)14. ^©A l»Ga,. x N14!fi«a 
^S4^<fe©Sfb^^l4 «aw Lfcfitt* & U 
M«Al,Ga,.»N/GaN, Al»Ga,.,N/Al 
,Ga,.,N (0<Y< 1. Y<X) . A l»Ga,.,N/l 
DrGa.^N (0<z< 1 ) ^©37C?i^4 37C!g^v 

< B 3 jtiB&t. 2 THSfli ©ffl*^to#t?jB«ffi 
■rSCi^r^S. ^©*-Cfegi>WSL<BA lxG 
a 1 .»N4GaN4*6&Sffltt : f-4-r54. PJ-SS 

T^B B H tt©^c^fb^^*l*sS)i-c§ Ztcitomt b 

[0015] ^ftWttnW^^ » FJB©«fiSi UTB. 

ni0i''7 7 Fl^ft©H§*0. 5/zmJy±r. #>o^- 
©nffliJi'77 FHtc^**i4 3SOTS«:*f-rSA 1 TO 
fflfiE?:5^$-rao/c[gCc. nfl8£5? F !£{*©/!$ 

(am) 4. A 1 ¥4flldt (%) 4©^4. 4fei±4 
4 i <k ^ tc<ifig-r * . fcH^&JfcJR^-e B n iJ >? v ■> 

F»J:»)t»)B«f*©*tl»mb«*iW*. #KGaN^ 



5 

Sfi4l/t:<,>*. GaN£S«4-rS£4tcJ:0. Mit 

^»ftSR^©fim«:ia;a) s 1 4 as-c * * 

tf u - if IRT Tli n §J 2 7 7 F Ji*> 63fc # L * ffl L , 
GaN*«T'»S«-£C4K:<fc?K »$*ffiTS1*TW 
ffi#±JW-SSB4tt5. Z<Dtc&>t<C, #IS9J*Cttnffl!j 
«7 FH<7>*HfcjA*»£«\ A 1 Ga NifttfiBtt 
*T*»"a»S. U*t>tt»?-tailS-rSA IGaN© 
#-H«tt7 0*>yxha-A«Tt»^fcftK: % A 

J? m<Dimmifr2<tZ>CtifiV£Z> 9 n§J25 
y FB0«£#O. 5/im<fcOfe*<, ^o*©nffil^ 
5? Vm±#<Dm$ l urn) 4A (%) to 

ff#4. 4 J;D&4>&t,>4, nffiij25 9 FJB4l,T©3fc 

FFPm WffifcJJWS«IfiKC*S. »*L 
l»a©fflil/ttt5. OfiLt 3 6>«c«F*lAtt5. 4 

[00 16] niD^7 FH*iB*fC«iiWSiA 
1 BSJt*;** <ir^7? FJifc 2 v y 2#A9 K 
< <&*. fi£oTn{IJ25 * FJB^©W*DJbRfcm 

f24H,4. filfiKct^fci^plBO^?!? FJf 

urn, S?SU<ttl. A1¥#)$M4LT 

[0017] SftWfctt, luiBnM^7 v F 
J¥2£0. 8 m rotLb-4 L/, itKnM25* FJIKA* 

ns3i5OT«6c»"rsAi w»ss*5. 5%y±4T 

S. C©»^C!)a«4. 4«±4fr£„ »ft(y<ttn| 
25? F»©£#©« 3«rl. 0//mJ£Ub4U ^©n 
»J^7-^ FJitCS**iSA I¥^»5S*5. 0%tlh4 

<tt, nfIJ25? FH<D£i*<Z>JiS*l. 2**mJ£lt4 
0, *©ni^7 9 FWc£Sft*AJ¥i*fifi!E*4. 
5%tt±4-rS. 5. 4£i±-C*S. C 

ft&nfJ2 5? FJi©KJI©W«4 t fit&^-JzO&Sn 
©J2 5 9 FWDA 1 ^fflJSOBB^^ftWOcSI-fe© 
■CAS. A KGa 1 . )l NttAlfi B ^Jt*^:*<'rSK:ffi 
l\ ^>F*>^7 r x*^*-*s**<ficO, JBJf*t> 

X©**1>. 0!x.«O. 5tt±©A IxGa^xNJB*. 

I*WCCfcfP^«fcli©-C*SAS. Al x Ga 3 _ x N 
WJfR-CfiEfi3#fc< l>. *-B"C«fK:a 1 gfiJttf 
0. 5fet±C0A UGa^KNtJlRSS-tfct^t-rSi, 
WitfO. 1 //mtti-ClSS^CC^^^^^Ao-CL* 
5. 



(4) 8fB8¥ 1 1 - 1 9 5 8 4 0 

6 

[00 18] 4C^*«M©J:5tcA IxGa^N* 
xGa.-xNCDaifRlfePiaTia-S©"^ f7vW 

9J©<fc 5 Ct^cDA 1 i&Bit4 2 5? F«<5DKJJ4<DH 

0, *£n«D25? FJB*>e>S«flH(c«ti«ct* J: 5 Cc 

10 [0019] *«98©*^©at^Ftcte»SA 1 ¥^iS 

«2 5^>^X Fn-ACDA 1 ,. ( Ga Ql( Ni, 25^ 
>^xHAOGaN<!:^20 0^7 (1. 0 um) 9 
HUcfifS*©*^ 1^7#5 O^V^X Fn-A x 
A 1 tf»<D 3 WiTtmiCft? 6 A 1 fiBJt# 0 . 5 r 
hhlclb. 0. 5- (25ym/50Mm) =0. 25 

2 5%t*^ -77. JUI#llftSil£, Al,.,Ga 
o . s N^40^>yxFD-Ai k GaN«r20*>y" 

20 xhP-AirwBuwt^ mmomm^^iiiK 

0. 5 (40/60) =0. 3334&0. A 1 
JESK3 3. 3%4-r-S. EP%. A 1 Sr^faJ^-^tift* 
W*JB©31!ScJR«:»-rSA lSBfct*, *©S<t«* 
3#B#iBttiF- l ^7©R««:(6«>SS^K:aDfcfe© 

ii^tcfc^sjats^A iT^ifflja4-r5. $/ca 

N20t>2'XFP-A, A I 0 .,Ga D .,N30t>^ 
Xhn-ACDii^fe. 0. 1 (2 0/50) +0. 2 
(3 0/5 0) =0. 1 6, IPM 6%£A l¥^fflJS 
30 -4-T*. ttfc«±<D«ttA IGaN/GaN, A IGa- 
N/A 1 GaNJCOtit»?BLfc^ AlGaN/ln 

g a ncc^i^t feiij tmii&zmt i t><Dt?Z 9 

Z^y YMOA 1 SIMS(-S>C-<*>« 

[ 0 0 2 0 ] £/c ffittH©»**Hi;ii»S/c86nfflJ 
F«*"±ffi«J«4tStt6«, pfflJ25?FB* 
40 n«25? FJB4HCtfc64T5C4t^IfiB-C*S. ffl 
p«257 FIB*±SB©«t5tt«J«4-rS»^ p 
B?7 7 FB©flW%nM25? FHiDfc»<«C 
43&sa*LC>. tt1f*6. p«f7? FIB©3i5OTSRCC 
»f*AlTft«««:**<-rS^ ^L<«Jgii^ii 
<-TS.4 % A 1 GaNJB(Dffiiaffi^#<^SfflfiJ«:* 
0. A 1 GaN©fi!Sfi^*<ttS4. Hffi*s*<tc 

? Flit A 1 *^S{t«MlM!lft)i*SOiB*S^'CaiJ« 
BW4A l¥i&fflflE4©a*4. 4U±tLXi>. 
50 *©«S»2. 0//mJ:Ofc»<-r*C4^a*Ul». 



til. 5am«T, S fcCC#* Ktt 1 . OamHTt 
*S. TEtc-oorttiRFtcpgSuact^. * + y7B!D 
ii«>ibT©^7 9 FJB4 l/"C^ffl3l*SfcftCCtt. 5 

*£?-4Ud#£fc, A I¥^a0t4ty*ttt5 0%OT# 

s*u>. «c*ju— tfs^i^sst/cti^. put?? 

[0 02 1 ] *3WJ©#63ejR-7--CB. £{btt¥*#£ft 

7> F-7'4 LTj^teOA^SSfeSSfftCC. *£A£ 

«; S{fc»*«fla«©Jlffifl!ltCn«S*ail!W, pUS 
4n*ffi4#»fcbfcJBtt, m«GaAsSISit 

[0 02 2] 

[HftffM [Hlfeffl 1 ] m 1 tt*2HI§©-ilftWK«* 

[0023] (TfftJi) ca^iffit-r^. 30 

(TMG) . 7>*~7 (NHj) «r/Bl\ GaNJ;9 
UZ>rty? rl £2 0 0^>^X ha-A©H»-CJSSfi 

'<*7 7«]ffifif£. 0 5 O'CtCLT, 

m 0 < G a N <fc 0 ft -5T»)i* 4 m mOKWCjafig 

tca< tsj^ftsfioatRttfiiff 5 /thrift! 4 t 

rfifcKStfr. 1 0 tfmJ£tT©B«CCi88-rac4*sa 40 
*U». S«tt*7 7-T7<Df6. SiC. ZnO. 
*;k GaAst ^b»*aW**JSRfiStf*ft:«)CC*D 

tf 1 0Wcm'tLb4£<, 3{bft^fc»«4tttt& 

ftl>. 

[0 02 4] (ffiSH) 

©7* hvx*£»l5KU CVDSSSfciiJXh^?" 
til 0 am. X TTJB (1K8&) 2umOS i O, 50 



4t6B¥ 1 1 - 1 9 5 8 4 0 
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<t9*i«8Bi*l *im©BWC»JSTS. «SM©» 

(s iOx) , mttr^m (s i x n y ) , mt* 

**y (T i Ox) , Kfb^a-fA (ZrOx) 

m art** *fccne»o^)iBt©ft. i2oox;a 

©fcSRtmtt* S^fc«*3W*©«fififl[6 0 0 i C-l 

1 0 0*C©SKfc:kB;L *©SffiecS<bft¥ai#j&sj5R 

[0 02 5 ] (3fb»¥9#afi 1 ) £SfiB&£& 9 

x-^*saMOVPE©Sl£SgF*iCC-fe? hU as 
^lOSOWU, TMG, 7>*~7£fflt\ 7> 
F- 7*G a Net 0 4SS<b«8*3«*S« 1 * 1 2 0 u m 
j$£f^S4b«^#££ 1 ©a 
B5W\ SS!i©XF7^7'*£gfl4, mKDZhvJ? 

(HVPE) *ffll>rjfifiS-&-5C4)&S"C**3&s % c© 
J;^^MOVPESCCj:0^S$if^c:44>'C^^ 1) flE 
fiB$©^4 0ttt. TMG£Dffe v n;x*;l/#y$A 

(TEG) »;«>A{b^ft*ffll^ SBRiSBT 

>^^7, gKUb Fv^>*ffll^C4#*fea* 

[0 02 6 ] M{b®l*^S«St^, ■> x -^45J6 

*ffia»4i/, n*8 o u momm^mftWR 1 

5. ^LT, C©S{btt¥9»Sfi«aK«BSl^. 1 

o o o vv 7 - - y > y b r $ 6 tc» B ^B ^ ft < t 

hn) ^fis-a-succ'jx-^^sasesift 

<-rSC43S*r*5fc»te. 2fb«*3f»»«©* 1 © 

[0 02 7 ] (nfljn>*^ FJB2) *CC. 7>^7 
4TMG, >F»^^4Lr^7>^x^ffli\ WkM 
¥mWm&\®±lC> 1 0 5 O'CTS i ^r3 x l 0 1 '/ 
cm , F-^bfcGaNJ:f5«c4nfflJ=i>^^ hl2£4 

fiB^fiEB4 4*. 

[00 2 8 ] (^^y^B5±«3) ^ic, TMG, TM 



(6) 
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£8 OO'CCCLT 1 n,.„Ga B .„NJ:9ft5^7 v >? 
GfiitJB3*0. 1 5 MmCD®J!T'$fi£tf£ e t 

[0 02 9] (nBJ^77 FH4=fitgTli) tt^r, 
1 0 5 0'CT'TMA V TMG, 7>*x7£ffl(,>, 7> 

F-^A Io. 16 Ga 0 .,«NJ;9ft&Jf£25*>^ F 
u-A©jg]rC/&55t!\ ftC>TTMA*jtfi!>T. i/? 
>#*«rifiU S i 4:1 x l O^/cm" K-^UfcnSS 
GaNJ:»)«c*li*2 5*>^x Fn-ACDH/ra&g 

MSIVl. 2am©fi*S*J:0&5nflJ*5? FJI4* 

«OT*KlS*-rSA 1¥#J&$#8. o%-c**©r. 

9. 6 WnBf7? FWC, 

f*> ^^x*ju=f-^a&sa{t»*ai»*8W 

F-^L-C, ^biJ^SMF-^ifr 5£*Siltt 
#a<4S«fiec*S#. H*«cHCcfc^«:F-yi/-C 

[0 03 0] (nfflJjfcfcV F»5) i^t, isylsiiX 20 
£±«>, 1 05 0'Crr>F-7'GaNJ:D^6nf]^; 
#V F15*0. 1 um©jS/rcj&fiSl*S. COnftJ 
jfc^VFHtt. iSttH<Wfe^-f FHiUrftfflU, Ga 
N. I nGaN«:J5Sfi3#SCt3isa*L<, ii^l 0 
0*>^hD-A-5//m, Se>fc»4l,<H:2 0 0 

SU>. SS/cCOnffll*^^ FH5{Cna^tt«5*F- 

[003 1 ] (r£te«6)#fc. TMG, TMI, 7> 

OO'CfCftftl/T. 7>F-*/I n.. a Ga,.,NJ:f5tt 
S#FIB*4 0*>yxhP-A<DW»'CJ5Efi3-l*i. 
^CCTMI (D*;l/tb%^{fcSi*^©*-C|5l--jaK-C, 7 
>F-7*I n 0 . 01 Ga,>. 35 N<£Dfc&PiilJl£l 00* 

*«C8MU «aficp»Sir»toO, ^Mi¥4 4 0^ 
F P-A©£mm*#F*f§i£ (MQW) ©ffitt* 
*JESfi3tf*. f£ftlti*Hife^J:^CC7>F-7*T 
feJ:t>U SE/cnS^iffiiftStf/XttpS^ttiBJ^F- 
7"UTfe&K M^Fl. BSHHStcF-^L 40 

[0 03 2 ] (p«+t^7)^ &££105 
0'CCC±tf, TMG, TMA, 7>*x7. Cp2Mg 

(^n^>£^xx;Uv^*^A) pflj* 

FJ15<fcD fe/O F+> 7 7"x^;u^-^^t\ 
Mg^ixi 0 IO /cm 3 F-7'LfcpSA l,.,Ga,., 
Net 9ttS pfJ* + ? 7*174:3 00 Fn- A 

«T©WCJBfiW £ C <b fc<fc 0 **©HW-J#fij±-r h 
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[0 0 3 3 ] (piW^V FS8) «^rCp2Mg. 
TMA£±#\ 1 0 50*CT\ A'>Fff;7*x^f 
P ffl* -t-^'Ji 7 cfc 0 fc/hS l\ 7> F-7'Ga N 
±9&*pMJfc#-Y FJI840. 1 ymCDJgJlT'^SS 

F»54plD<GaN, I n G a N TJ-Sfi S i* 

[0 0 3 4] (p(PJj^7 7 FJB9) Rl>r. 1 0 5 0*C 
T?7>F-7'A U.^Ga..,, NcfcD &£J1£2 5 
^FP-A©KWCJ5RSS1*. &H>TCp2Mg, T 
MA£±#>, 7>F~:/GaN<£9&6JI£25*>^ 

xFD-AoRs-aagsi* j&pjio. 6Mm©att 

^«J:9ttSpW^7^ FH9**fi3-ttS. £©P§J 
^7-;FItAl?i^»S8. 0%t?*£<DT"\ KiS 
i©««4. 8&&5. fcte, pffl!l*5* F«fc4>fc< 

> f+> ? ^x^^^-^nttsaftwp^iftitaji 

^<F-7lt, ^to«>SS3BF-^*tf54«Satt 

[0 03 5 ] CCT\ £5* FIBt?»*tlfc37S# 

ffJ3fc#V F)l 5 . rSttli 6 , p IM* ^ ^ 7*J1 7 . Mp 
ffJJK^V Fli8«r^t>i*te«i«, BP^nflPJ^^y FJ1 
cb, pffll^^y FHi©Pacc*SffiitH*$traib'ft* 

n fito^ > ^ ^ F IrtrlS 1 1 - F 

KttS*>6r*5. *<Df6. ^7rtrftigT^C(*:W:J: 
oTv;^^- FCCfrS»£j&s*S. 
BBttrtt, nfflJcT)^^^ FKDRfiK Or, Al? 
^«4rA^<'r^C4k:J:-9, HJt*S*«W. n7 
«B7 7 Fli-CBJDii»S*>©*C*S. L^U. 
^T^^^F^fJ^i, FFPttatlS. * 
Ofcft. r37SU^4, nl^7? FJii©BB«CCtol» 
X % 37rtrv;l/^--F{c&6tcc»J:^«:-rsfc«E) 

k:. c©37SB»(*9»sfcHS-rs*#a*i/^. =37 

SP# «c v ; 1, 9 -t - F % 4 L Sc C > J: 5 f 4 fc «6 © » * 
UWISiOTt* 2 0 0^>^X ha-At(l l. 

^^>tCg$ U<tJ5 0 0*y#Z FD-A 
-0. 8^m, ^&M^L<tiO. l//m~0. 5 // m 

-AJ:0fc»^i % -37S»*>e>3e^«txygl/ t Blffi^ 

Ftctto^-rc^injtc**. 

[0 0 3 6 ] (p§J3>^^FH1 0) *fiCC. 105 
O'CC, pll^v FH9©±(C. Mg4r 1 x 1 0 1 V 
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on 3 F-7UfcpSGaN<fc(5&£pM:a>*£ h IB 1 
0£ 1 5 0 Fa-AtDK«TJ&BStS-&. pffl 

n>££ hJItipSOI n,A l.Ga^x.tN (O^X 

o^y, x+y^ i ) ■cfltas-rscitfr*, »* o<tt 

Mg*F-^U/cGaN4*fhK, pm*§2 0£Sfc£? 
[0 0 3 7 ] WJLcDJc^CC U"Ca{k»*»<**ffifiS* 

'ct*7~- 'j>y*m^ pS^»^ F-^b/cH* 

S&ccffijfflKfbStfS. 

[0 03 8 ] 7~-'J>^ 3*~^SrJKJ£SS*>e> 
BWHiU R I E <Kj£tt^*>:t9*>y|gt) fc<fc 

v^>yi>r, 4Mm(Dx F5>r:/in**tj--5y v*j% 

[0 0 3 9 ] ^C. U •;yiItC7^^?;Mirx7 
*. 

[0 04 0] pfiijri>££ FJi 1 0CDV 

ffi<DKK£ffiCCN i £Au<k9&SpSS2 0*JBjS 
I/,-*. T i £A 1 cfc0 4*n«e2 2*5feSi*BtB 
S#/cnffln>^^ b/f 2<Z>glMKX Y?47W£f&f8L 
btc\L B 1 ICtS* <fc 5 fcpWB 2 0<fc* n«ffi'2 2i 

©laecsm ucmit^m^momm^ s i o, ± o 4 

*fc*Bt2 3*»«U C<D«|«2 3**Vl/Cp*« 

2 0 4«*WCcS«lyfcp^^ F«ffi2 1 *JBSE-TS. 
[0 04 1 ] «±(DJ:5fcLt\ n«Sipili*$ 
fi£Lfc l Jx-^(D*7-T-f 7Sfi*WieLr7 0 (/mi 

6;<-ttKBHU gHffi (11-001) tcfttgSi* 
imtZ> 0 ^SffiCCS i 0,£T i 0,<fc9ttS8§«ft 

3n«*»fiEL. *a«cp«i«cwac*fii'c, 
[0042]^ or. xh^ri ^ttoasecsa&^ifij 

-f £«SffifcS i 0,£T i O,<t0ft*BI«#?Il 
«*J&ffiU «atcp«fi«:Wf&*i»ir. ^-*«)K 

[0 04 3] c©u-lfKT©a<biB*»*»fi 1 <DM 

fflfltet-FS'^fcRBu ^n-enco^ffi^y-r-^ 

Appl.Fbys.Vol .36(1997) CCftS^fctOCCtbKLT. 
BBtt#l 0%W±ffiTU *dtt5 0%£i±|Sj±Uc. 
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[0044] [^6KW2 ] is&w 1 tcfei>r, 

a»ttafil«r«EfiS#SIStc, S i *9x 1 O'Vcm 1 
F-^LfcGaN*flESS#Sffett0accuru--1f* 

l fc t c 5 , mm^mfcmmo&ikm^ 
[0045] [ni»wi3] ias«iw:*$^T, sjbft* 
10 fc^*-^«sr. r^-)iLMk, yryyjjgfaz 

8tCU, *tt^hn«ffi£p«ffi££JB]5£-r5. 
[0 04 6] lf7r -f7»«£W£bTTtt 

L£t\ U-if*T-<!:L"C©*B$f3tt3tJfi«llK:Jt« 

[004 7 ] [HJ6«4] laSWHcfc^r. nffl^^ 
? FH4*flESSlf 7> F-7A 1 t .,,Ga 

20 ff ., D N25t>^l-P-Ai, SiF-7*GaN2 5 
*>^X Fn£«:«)lU fgR/f 1. OwmOjBffi^* 

n«^7? F'JBttA 0. 0%r^6O 

T\ *©K/S£©9«1 0. 0"C*S. C<DU— *f3R^ 

[0 04 8] [5@»0|5] llftmtCfeCvr. nfj^7 
? F»4«:05SStf£|gte> 7 > F — Vk I 0 . 1} Ga 
»...N2 5^>^X hn-A£, Si F-7'nSGaN 
25t>«hni^:iil v ISM/10. 7 am <Dfit& 

nflj^7 y FBI* A 1 ¥$*BJ5E# 1 . Q%-Cfa&(DX\ 

[004 9] [jQfiWe] 5S»Wi«:*ji»r, nffl^? 

? F)14«:^SS#4|g{C. 7>F-7*AU. 1I Ga 
0 .„N25t>^Fd-Ai, SiF-^GaN25 
*>^FPt*8l)iL. ItiWO. 8#£m©iB*F* 
fiESS^SftBHttCci/Tb— !f3R^ffi«Lfc. nffll 
FHttA l¥*fflja*6. 0%r*^(Dr, ^(D 

40 R/»£©att4. 8r^^ 0 COU-tf^tiJpnJ.Ap 
pi. Phys. Vol. 36(1997) fC»*l/fct©CCtt«Lr % Si 
ffi#5%«±ffiTU *fttt2 0%H±|fi]±Lfc. 
[0050 ] [HttW7] jSte«HC*j^T, nfflij^ ^ 
y FBI 8*J5JEfi«*tf&Bfc, nSA l 0 . 97 Ga 0 . S3 N 
l^Si F-7*£LT2 5*>^X hD-Ai, GaN 
1^7>F-7*<i:LT25^>^Xhn-A(h^, MM 
«1. 4 vmX'f&&$#Z>mmmtCLX. U-1f5^ 
if'EKL/fc. nWJ^^^FBtt. A1IW3. 5 
%VHbZ><DX. ^(Dmmt<Dm\X4. 9X$>&. C<DU 

50 -If m^&miffl 6<Dt><Dt mm%£<Dft&£frs Wc. 
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[0051] 

LED**. *~A-;U**?fc>h^*-K©j;$ 
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